Based on over 5400 BV images of 47 Tuc collected between 1998 and 2010 we obtained light curves of 65 variables, 19 of which are newly detected objects. New variables are located mostly just outside of the core in a region poorly studied by earlier surveys of the cluster. Among them there are four detached eclipsing binaries and five likely optical counterparts of X-ray sources. Two detached systems are promising targets for follow-up observations. We briefly discuss properties of the most interesting new variables.
Introduction
47 Tuc (NGC 104), one of the brightest and most massive Milky Way's globular clusters (GC) , is located about 4.5 kpc away from the Sun at a high galactic latitude of −44.9 deg (Harris 1996 (Harris , 2010 . With a core radius of 0 ′ .36 and a halflight radius of 3 ′ .17, it had long been suspected to be on the verge of core-collapse; however recent simulations of Giersz & Heggie (2011) suggest that the collapse may not take place for another ∼25 Gyr. In either case, the very central region of 47 Tuc is unaccessible to the photometry with ground-based telescopes lacking adaptive optics. The outer parts of the cluster, up to a radius of about ∼22 ′ , can be observed rather easily, the only obstacle being the contamination by stars from the outskirts of the Small Magellanic Cloud.
Early photometric studies of 47 Tuc led to the detection of a number of pulsating variables (Fox 1982 and references therein) . An early spectroscopic search for binary stars (Mayor et al. 1984 ) yielded a negative result: no such objects were found among 64 stars located farther than 5 core radii from the cluster center, "indicating a lower binary frequency and/or different distribution of orbital parameters than in field stars in the solar neighborhood". The first binaries in 47 Tuc (two W UMa type and six detached or semidetached systems) were identified based on the HST-WFPC1 time-series photometry of cluster's core by Edmonds et al. (1996) . Another two W UMas were found by Kaluzny et al. (1997) . A more extensive survey of Kaluzny et al. (1998) resulted in the detection of 42 variables, among which there were 12 eclipsing binaries (nine W UMas and three detached/semi-detached systems).
Using HST-WFPC2, Albrow et al. (2001) derived a time series photometry for over 46,000 main-sequence stars in the core of 47 Tuc. Among them they found 11 detached eclipsing binaries, 15 W UMas, 10 contact or near-contact noneclipsing systems, and 71 variables with nearly sinusoidal to clearly non-sinusoidal light curves and periods ranging from 0.4 to 10 d, which they classified as BY Dra stars rotating synchronously with unseen companions. Six of the latter were located far to the right of the cluster's main sequence (MS), prompting the authors to define a new class of GC members which they proposed to call red stragglers. An extensive ground-based survey by Weldrake et al. (2004) led to the detection of 69 new variables, more than doubling the number of such objects in the 47 Tuc field. About 70% of the newly identified variables belonged to SMC.
One of the new detections of Weldrake et al. (2004) -the detached eclipsing binary V69 -was subject to a detailed photometric and spectroscopic analysis performed by Thompson et al. (2010) . They derived absolute parameters of its components with an accuracy better than 1%, estimated its age using mass-luminosityage, mass-radius-age, and (turnoff mass)-age relations, and determined the helium abundance Y with an accuracy of 0.03 for each of the components. Having at least one detached eclipsing binary (DEB) morewould enable a more accurate direct determination of Y for 47 Tuc. This exciting possibility caused us to embark on an extensive survey aimed at the detection of new DEBs in outer parts of 47 Tuc (note that objects located in the outskirts of the cluster are only suitable for the ground-based high-resolution optical spectroscopy).
Section 2 contains a brief report on the observations and explains the methods used to calibrate the photometry. Variables (both the newly detected and the known ones) identified during our survey are described in Section 3. A summary of the paper is contained in Section 4.
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Observations and Photometric Reductions
The cluster was observed at Las Campanas Observatory on the 1.0-m Swope telescope equipped with the 2048 × 3150 pixel SITe3 camera. Two overlapping fields with the size 14 ′ .45 by 22 ′ .84 (henceforth referred to as E and W) were covered. The longer axis of each field was oriented N-S. The overlap region extended over 1 ′ .58 in RA, so that the effectively observed composite field had a size of 27 ′ .32 by 22 ′ .84. The composite field was centered on the core of 47 Tuc. All the images were obtained with the same set of BV filters at a scale of 0.435 arcsec/pixel. Those taken at a seeing in excess of 3 arcsec were not included in the present analysis.
The bulk of observations were collected during two long runs (43 nights in total) in 2009 and 2010. We obtained then 2879 useful frames in V and 344 in B at a median seeing of 1.5 and 1.6 arcsec, respectively, with average exposures of 117 s for V and 193 s for B. The exposure time of a given frame depended on the momentary seeing, and was adjusted so as to keep the level of saturation constant The light curves of detected stars were extracted with the image subtraction package DIAPL. † Daophot, Allstar and Daogrow codes (Stetson 1987 (Stetson , 1990 were used to extract the profile photometry of point sources and to derive aperture corrections for reference images. The reference images in V were made from 47 and 50 individual frames of fields E and W with an average seeing of 1.15 and 1.11 arcsec, respectively, while those in B were made from 15 and 22 images, respectively, with an average seeing 1.29 in both E and W.
For the analysis, the E and W fields were divided into 4 × 6 segments to reduce the effects of PSF variability. The light curves derived with DIAPL were converted from differential counts to magnitudes based on profile photometry and aperture corrections determined for each segment of reference images separately. Instrumental magnitudes were transformed to the standard BV system as described in Section 2.1. The V -band light curves were extracted for 63024 sources in field E and 52591 sources in field W. Accounting for the overlap, we obtained 110141 unique light curves in the whole composite field.
In Fig. 1 the rms values of individual measurements in V are plotted versus the average V -magnitude for each object in field W. The photometric accuracy reaches about 3 mmag at V = 14.0 mag, decreasing to ∼10 mmag for the turnoff stars at V = 17.0 mag and to ∼100 mmag at the faintest stars for which the measurement could still be performed (V = 20.5 mag). Exactly the same accuracy was reached in field E. Stars with V < 13.0 mag were overexposed on the reference images of both fields, making the study of their light curves impossible. Depending on exposure time and seeing, some images of stars with 13< V < 13.5 mag were also saturated. Their light curves were filtered to remove points affected by saturation.
Calibration
The instrumental magnitudes for reference images were converted to the standard ones using linear transformations based on 817 and 570 local Stetson's standards in fields W and E, respectively (Stetson 2000; 2009 on-line version) . The following transformations were derived: (4) (1)
(field E) and
(field W), where capital letters denote the standard magnitudes. As most of the monitoring was conducted in V only, the standard magnitudes were derived using average values of B − V . This introduced some systematic errors in the case of color-changing objects. However, for most of the variables the amplitude of color variations did nor exceed 0.1 mag, and the systematic error of V magnitude was smaller than 0.01 mag. For the main goal of our survey, which is is to detect new variables, inaccuracies of this size are unimportant.
The astrometric solutions for the reference images in V were found based on positions of 2997 UCAC3 stars (Zacharias et al. 2010) . The average residuals in RA and DEC between cataloged and recovered coordinates amount to 0.14 and 0.14 arcsec, respectively. For the detection of variables we used methods described in Kaluzny et al. (2013) . A total of 65 variables were found (among them 19 new ones). They are listed in Table 1 along with their equatorial coordinates and cross-identifications for catalogs published by Weldrake et al. (2004) , Kaluzny et al. (1998) and Samus et al. (2009) . We detected variability of all but one object from Weldrake et al. (2004) present in the surveyed field (our photometry shows no brightness variations for their star V93.
Finding charts for newly detected variables are shown in Fig. 2 .
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Variables
The basic properties of variables detected in our survey are listed in Table 2 . The periods in column 2 were derived with the method employing periodic orthogonal polynomials to fit the observations and the analysis of variance statistic to evaluate the quality of the fit (Schwarzenberg-Czerny 1996) , as implemented in the TATRY code kindly made available by the author.
The parameter ∆V listed in column 4 gives the full range of the measured Vmagnitude, including seasonal changes of light curves. The last column of Table  2 contains the proposed classification of variables, with "new" indicating newly detected objects. EW, EB and EA denote eclipsing binaries with light curves of W UMa, β Lyrae and Algol type, respectively; Ell stands for ellipsoidal variables, and stars located along or near the red giant branch on the cluster color-magnitude diagram (CMD) are labeled with RGB / RS CVn. The variability of the latter is likely caused by ellipsoidal effect and/or chromospheric activity related to binarity. Among the new variables there are five likely optical counterparts to X-ray sources detected with the Chandra telescope by Heinke et al. (2005) . Figure 3 presents the CMD of a small section of the monitored field with marked locations of all but two variables listed in Tables 1 and 2 . Not included are W26 and E20 -very red Miras with B −V > 3 mag which were originally detected by the OGLE group (Soszynski et al. 2011) . The group of variables located to the blue of the cluster's main sequence at V ≈ 19 is composed of RR Lyr pulsators from the SMC. The sequence of red long period variables starting at (V ≈ 19, B − V ≈ 1.1) and extending to B − V ≈ 2.0 also consists of SMC stars. Fig. 4 shows the positions in the cluster CMD of a selection of our variables, including all eclipsing binaries and three particularly interesting objects which will be discussed below. Phased light curves for 14 new variables are displayed in Fig. 5 (not shown are RR-Lyrae stars, long period variables, and E32 whose period is not known). Light curves for all 65 variables detected within the present survey can be found in the electronic version of this paper available from the Acta Astronomica archive or from CASE archive at http://case.camk.edu.pl.
Eclipsing binaries
The main result of our survey is the detection of four new detached eclipsing binaries. All these objects are located beyond the core region of the cluster and are suitable for spectroscopic follow-up studies with ground-based telescopes.
The light curve of W12 shows a shallow secondary eclipse with ∆V ≈ 0.1 mag and a primary eclipse with ∆V ≈ 0.4 mag. A preliminary solution of the V -light curve indicates a high luminosity ratio of the components: L p /L s = 9. The expected luminosity ratio for the I band equals to 6, so that the near-IR spectroscopy may allow for the determination of radial velocity curves of both components.
The available light curve of E32 shows only one clear eclipse with ∆V = 0.6 mag. This means that the orbital period has to be longer than 10 days (and may Samus et al. 2009 be significantly longer). We obtained a single spectrum of E32 with the MIKE Echelle spectrograph on the 6.5 m Magellan Clay telescope, and we found that the binary is an SB2 system. Several additional spectra are needed to establish the ephemeris with confidence. This in turn will enable further photometric observations in eclipses, and finally the determination of absolute parameters of the system. The location of E32 on the CMD indicates that at least one of its components is an evolved star at or past the turnoff. The analysis of E32 together with V69 (Thompson et al. 2010) may allow interesting limits to be placed on the helium abundance of 47 Tuc.
For W7 we have three MIKE/Magellan spectra. They show that the variable is an SB1 binary with measured velocities of −37.41 ± 0.32, −74.27 ± 0.22 and +16.38 ± 0.16 km/s at orbital phases 0.49 (HJD 245 5769.866), 0.353 (HJD 245 5770.839) and 0.692 (HJD 55836.642), respectively. These measurements indicate that the binary is a likely member of the cluster. The systemic velocity of 47 Tuc
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is equal to -18.0 km/s, and the velocity dispersion at the location of W7 amounts to ∼11 km/s (Harris 1996) . This can be compared with the binary's velocity near conjunction at orbital phase 0.49. The fourth detached system, E39, is placed rather far from the cluster main sequence and may be a foreground halo object. Its low luminosity and short orbital period make it a difficult target for spectroscopy. a X -likely counterpart of an X-ray source Ch-nnnnnnn.n-nnnnnn cataloged by Heinke et al. (2005) b OGLE-SMC-RRLYR-nnnn = stars cataloged by Soszynski et al. (2010) c OGLE-SMC-LPV-nnnnn = stars catalogud by Soszynski et al. (2011) d independently discovered by Poleski (2012) In addition to the five detached binaries our sample includes one semi-detached system (E13; Kaluzny et al. 2007 ) and 15 contact or nearly-contact binaries. Six of them are blue stragglers, and two (W1 and W18) are located in the region occupied by yellow stragglers (see e.g. Stetson 1994 ). Variable yellow stragglers are rare objects and therefore we examined HST/ACS images of W1 and W18 to check whether or not the ground based photometry is affected by blending. We found W18 to be an isolated object with no indication for unresolved visual companions on ACS images. Still, we cannot rule out the possibility that it is a triple system like many (perhaps most) W UMa stars (Rucinski et al 2007) . Spectroscopic observations can clarify this issue. As for W1, ACS images show three visual components forming a blend which cannot be resolved on our ground based images. Two closest components of the blend are separated by 0.3 arcsec. Thus, based on the available evidence, W1 cannot be regarded as a yellow straggler.
Notes on individual objects
Some of the newly detected variables deserve a short comment on their properties. The red straggler candidate E33 is located only 61 arcsec away from the cluster centre; however it is an isolated object whose ground based photometry is free from blending-related problems. This was confirmed by the examination of HST/ACS/F625W images. The star has a sine-like light curve with ∆V = 0.11 mag and a period of 0.25 d which was coherent and stable during several observing seasons between 1998 and 2010. This indicates that the observed variability is very likely related to the binarity of E33. We have tentatively classified E33 as an ellipsoidal variable. Heinke et al. (2005) analyzed two sets of Chandra data for 47 Tuc. The X-ray counterpart of E33 was detected in 2002 with an X-ray luminosity of 0.7E30 erg/s in 0.5-2.5 keV band, but no X-rays were detected at E33 position in 2000. This implies a seasonal variability of the X-ray source connected with the star. The variable is too red to be an ordinary contact binary regardless of its membership status in 47 Tuc. This is evident by comparing its color with colors of contact systems E21 and E23 whose orbital periods are similar to the period of E33 (see Fig. 4 ). As for the membership status of E33, the examination of stacked subtracted images from seasons 1998, 1999, 2009, and 2010 does not indicate any proper motion with respect to cluster stars. The qualitative method we used to estimate the proper motion is based on Eyer and Wozniak (2001) . Spectroscopic data are needed to clarify the evolutionary and membership status of E33.
The variable E8 is located on the red horizontal branch on the cluster CMD. The light curve shows coherent changes with ∆V = 0.15 mag and P = 6.4 d. The amplitude of the light curve exhibits small but easily visible seasonal changes. Similar variations with the same period were detected by the OGLE group in 1993 (Kaluzny et al. 1998) . Given the coherence of the variability it is likely that the star is a binary. If so, it would be a rare example of a photometrically variable binary from the red horizontal branch. With P = 6.4 d and a radius of the red giant component of about 10 R ⊙ , E8 would have to be a rather compact system. Obviously, if the variability was induced mainly by the ellipsoidal effect, the actual orbital period of a binary would double to 12.8 d. The bright blue straggler W14 turned out to be an SX Phe-type pulsator. It is one of a few such variables detected in 47 Tuc (Gilliland et al. 1998; Poleski 2012) . SX Phe stars are common among blue stragglers in metal-poor globular clusters, but rather rare in metal rich ones.
Finally, we note the presence of several variables located on or slightly to the red of the red giant branch of the cluster, newly detected of which are E31 and E34 (see Figs. 3 and 4) . They are good candidates for binaries and are easy targets for a spectroscopic follow-up.
Summary
We performed a photometric study of the globular cluster 47 Tuc with a time baseline of more than ten years. Based on over 6500 BV frames we have identified 65 variable stars, 19 of which are new detections. We provide celestial coordinates of all variables, and cross-identifications of the variables discovered earlier by other authors. Finding charts for the new variables are also provided. Five of the new variables are likely optical counterparts of X-ray sources, and another four ones are detached eclipsing binaries. Two detached eclipsing systems are located close to the main-sequence turnoff on the CMD of 47 Tuc, and we argue that they are promising targets for detailed photometric and spectroscopic studies: when combined with the results of an earlier study of W13 (Thompson et al. 2010 ; their variable V69) they may allow an improved constraint on the helium content of the cluster. The yellow straggler W18, the red straggler E33 and the red horizontal branch object E8 are another systems deserving further study which would clarify their membership and evolutionary status. 
